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Most SiC devices are implemented in homoepitaxial films grown on 4H/6H-SiC 
wafers with surfaces 3° to 8° off-axis from the (0001) basal plane. This approach has not 
prevented many substrate crystal defects from propagating into SiC epilayers, and does not 
permit the realization of SiC heteropolytype devices. 

This presentation describes recent advancements in SiC epitaxial growth that begin to 
overcome the above shortcomings for arrays of mesas patterned into on-axis 4H/6H-SiC 
wafers. First, we demonstrated that atomic-scale surface steps can be completely eliminated 
from 4H/6H-SiC mesas via on-axis homoepitaxial step-flow growth, forming (0001) basal 
plane surfaces (up to 0.4 mm x 0.4 mm) far larger than previously thought possible [1]. Step- 
free surface areas were then extended by growth of thin lateral cantilevers from the mesa tops 

[2]. These lateral cantilevers enabled substrate defects to be reduced and relocated in 
homoepitaxial films in a manner not possible with off-axis SiC growth [3]. Finally, growth of 
vastly improved 3C-SiC heterofilms was achieved on 4H/6H-SiC mesas using the recently 
developed step-free surface heteroepitaxy process [4,5]. These epitaxial growth developments 
should enable improved homojunction and heterojunction silicon carbide prototype devices. 
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Experimental studies of on-axis SiC epitaxial growth on 
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Conventional SiC Epitaxy on 4H/6H Substrates 

(After T. Kimoto, A. Itoh, and H. Matsunami, Phys. Stat. Sol. (b) 202 p. 247, (1997)) 

Conventional SiC Homoepitaxy I Previous “on-axis” SiC Epitaxy 
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On-Axis Homoepitaxial SiC Growth 

J. A. Powell et al., Appl. Phys. Lett. 59 p. 333 (1991). 

On-axis (~ 0.2° miscut) stepflow homoepitaxy of 6H-SiC was realized at 1450 °C 
over large areas when suitable in-situ pre-growth etching was employed. 







Defect-Assisted Terrace Nucleation Model 

Original Wafer Surface with Defects/Contamination 
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Growth of Step-Free 4H/6H-SiC Mesa Surfaces 

J. A. Powell et al., Appl. Phys. Lett. 77 p. 1449 (2000). 
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Result Summary 

Step-free yield primarily limited by substrate screw dislocations (SD’s). 
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Thin 4H-SiC Threading Edge 

Epilayer Cantilever 'Dislocation 
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